Oxycodone is one of the options for the management of CLBP in patients with an inadequate response to other analgesics. However, oxycodone is not yet approved for noncancer pain in Japan. Here, we assessed the efficacy and long-term safety of S-8117, a controlled-release oxycodone formulation, for the management of Japanese CLBP patients. Patients and methods: An initial enriched enrollment randomized withdrawal, double-blind, placebo-controlled, 5-week phase III trial was conducted across 54 centers in Japan to assess the efficacy of S-8117 vs placebo in moderate-to-severe CLBP patients. Subsequently, a 52-week, open-label, single-arm study was conducted across 53 centers in Japan to evaluate the long-term safety of S-8117. The primary endpoint was the time to inadequate analgesic response during 35 days of the double-blind period. Secondary endpoints were the percentages of patients with inadequate analgesic response, discontinuation rate due to inadequate analgesic effects or AEs, and changes in scores of BPI severity, BPI pain interference, SF-36, and Roland-Morris Disability Questionnaire. Safety was assessed as the incidence of AEs and ADRs. Results: Of the 189 patients enrolled in the double-blind study, 130 patients who completed the initial titration period were randomized 1:1 to receive either S-8117 (n=62) or placebo (n=68). Baseline characteristics were comparable across the study groups. The time to inadequate analgesic response was significantly longer in patients treated with S-8117 than placebo (P=0.0095). Secondary endpoints corroborated the efficacy of S-8117 vs placebo. Overall, 478 AEs were reported in 73/75 patients in the long-term study. The most frequent ADRs were somnolence, constipation, and nausea. No case of drug dependence was reported in the long-term study. Conclusion: Short-term efficacy vs placebo and long-term safety of S-8117 were demonstrated for the management of Japanese patients with moderate-to-severe CLBP. Keywords: chronic low back pain, opioids, oxycodone, RCT Plain language summary Why was the study done?
Introduction
CLBP, which affects nearly 23% of the global population, 1 is also the most frequently reported type of chronic pain in Japan. [2] [3] [4] In the USA 5 and Europe, 1 opioids are used for the pharmacological management of noncancer chronic pain, including CLBP, in patients who experience an inadequate analgesic response to nonopioid drugs. Pain relief and functional improvement effects of opioids, albeit short-term, have been demonstrated in patients with chronic pain conditions such as CLBP. 6 Besides, serious safety concerns have been raised against the chronic use of opioids due to the risk of drug overdose, dependence, and abuse. 7 Given the equivocal risk-benefit profile, 8 careful use of opioids for the management of CLBP is a major clinical concern in Japan. Although opioids are widely used for cancer pain management in Japan, the number of available opioid drugs and the rate of consumption in patients with noncancer pain are limited compared with Western countries.
S-8117 (OxyContin ® , Purdue Pharma LP, Stamford, CT, USA), an oral, controlled-release formulation of oxycodone hydrochloride (licensed by Mundipharma KK), is indicated for around-the-clock analgesia in patients with moderate-tosevere pain. 9 The efficacy of an extended-release formulation of oxycodone for the management of patients with CLBP was demonstrated in a randomized, double-blind, placebocontrolled study in the USA. 10 In Japan, S-8117 was approved in 2003 for the management of cancer pain; however, to date, no studies have specifically evaluated the efficacy of S-8117 in Japanese patients with noncancer chronic pain. Accordingly, S-8117 is not indicated for noncancer chronic pain in Japan. Therefore, we performed a randomized, double-blind study and an open-label, long-term study to assess both the short-term efficacy vs placebo and the long-term safety of S-8117, respectively, in Japanese CLBP patients.
Patients and methods

Study design
The investigation comprised two phase III studies: an initial EERW, double-blind, placebo-controlled study, followed by a subsequent 52-week, open-label, long-term study. Both studies were conducted in Japan: the first at 54 centers from October 2013 to June 2015 and the second at 53 centers from December 2013 to June 2016 ( Figure 1) .
The double-blind study was subdivided into four periods: an open-label dose-titration period (14-28 days), a double-blind period (35 days), a tapering period (7 days), and a follow-up period (7 days). The long-term study was subdivided into three periods: a long-term administration period (52 weeks), a tapering period (7 days), and a followup period (7 days).
Patients
For the double-blind study, we enrolled men and women aged between 20 and 79 years, diagnosed with noncancerrelated CLBP lasting ≥12 weeks, and a BPI 11 24-hour average pain intensity score ≥4 prior to the registration despite management for ≥14 days with oral, patch, or suppository nonopioid analgesics including analgesic adjuvants or opioid analgesics (doses were prespecified as follows: oral codeine, ≤800 mg/day; oral morphine, ≤120 mg/day; and fentanyl patch, ≤100 µg/hour). Patients completing the double-blind study were eligible for inclusion in the longterm study. Major exclusion criteria of the double-blind study included comorbid pain conditions with potential influence on the study assessments, diagnosed psychogenic CLBP (determined by the investigator using the BS-POP questionnaire), 12 ongoing treatment for diagnosed psychiatric disorders, or hypersensitivity to or contraindication for opioids. Patients with a history of malignant tumor within 5 years, drug abuse, drug or alcohol dependence (determined by a urine drug test and interview by the investigator), or significant ADRs to in-progress or potential concomitant administration of opioids and central nervous system depressants during the study were also excluded. At the time of enrollment, patients underwent a urine test for the presence of phencyclidine, cocaine-type narcotics, stimulants, and cannabis, and those who tested positive were excluded from the study. In addition, patients who tested negative were excluded if they were diagnosed with or suspected of drug abuse or drug/alcohol dependence by
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Controlled-release oxycodone for chronic low back pain the investigator. Patients with a BS-POP score of ≥11 were diagnosed as having psychogenic CLBP by the investigator and were excluded from the study.
Both studies are registered with the JapicCTI registry: double-blind study, JapicCTI-132299 and long-term study, JapicCTI-132300.
Treatment
Eligible patients initially entered the dose-titration period of the double-blind study; after a changeover with a prespecified time period for each type of previously prescribed opioid, the dose was titrated until patients met the transition criteria for the double-blind period. The starting dose was selected according to the dose of the previously prescribed analgesic (Table S1) , and the dose was orally administered twice daily. Patients who were not on any opioids were initiated on a dose of 5 mg. Dose escalation was permitted when the BPI average pain intensity score was >3 or the improvement in the score was <30% compared with that at the time of enrollment (visit 1). However, dose escalation within 3 days of the previous dose escalation was not permitted. Dose escalation was permitted by 5 mg per single dose with a maximum permissible dose of 80 mg/day; for ≥10 and ≥20 mg/dose, 10 and 20 mg dose escalation, respectively, were also acceptable. The criteria for transitioning to the double-blind period were as follows: scheduled dose remained constant for 7 days, BPI 24-hour average pain intensity score improved to ≤3 or by >30% from the registration, no additions or dose increments of nonopioid analgesics or analgesic adjuvants, and no or tolerable AEs reported for 3 days prior to the evaluation (same time period applied except for the first criterion). Patients who met the transition criteria were randomized 1:1 in a double-blind manner using a randomization table to receive either S-8117 or placebo for 35 days at a constant dose from the end of the titration period. A statistical minimization method was used for randomization, with the 
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Kawamata et al following two allocation factors: the dose of S-8117 and the change in BPI 24-hour average pain intensity score from visit 1, both at the end of the titration period. Patients who completed or discontinued the double-blind period entered a 7-day dose-tapering period, followed by a 7-day follow-up period. Discontinuation was considered when a patient had an inadequate analgesic response or when the investigator recognized the need to do so.
In the long-term study, patients received a starting dose of 5 mg S-8117 every 12 hours. The daily dose in the longterm administration period was adjusted based on the severity of the pain and AEs, with no upper limit for the daily dose. However, dose escalation within 3 days of the previous dose escalation was not permitted except up to the dose used at the end of the double-blind period. Patients who were not to be managed with other opioids after the long-term administration period or discontinuation of S-8117 entered a 7-day dose-tapering period, followed by a 7-day follow-up period. Patients who required management with other opioid analgesics switched the medication after the long-term administration period or discontinuation of S-8117.
Efficacy
The primary endpoint of the double-blind study was the time to inadequate analgesic response assessed from randomization (baseline) through day 36. Patients were defined as having an inadequate analgesic response if they met any of the following criteria: 1) aggravation leading to dose escalation or change or addition of analgesic (dose reduction and discontinuation were acceptable), including rescue treatment but excluding ≤3 consecutive days of treatment for AEs such as fever or 2) BPI 24-hour average pain intensity score remained >3 or improved by <30% from the registration for 3 consecutive days. The assessment was performed every day since the first day of administration of S-8117 or placebo through day 36 (or discontinuation). BPI pain intensity (worst, least, average, and current pain) was recorded by patients in a paper-based diary on a daily basis and confirmed by the investigator at each study visit.
Secondary efficacy endpoints in the double-blind study included the percentages of patients with inadequate analgesic response and who discontinued due to an inadequate analgesic effect or AEs and changes in BPI pain severity score, BPI pain interference score, SF-36 score, and level of physical disability according to the RDQ. Data collection for BPI pain severity score was scheduled on each day of the double-blind period and at the end of the tapering period. BPI pain interference scores were collected on each visit from visits 1 to 10 (or discontinuation) and at the end of the tapering period (or discontinuation) and confirmed by the investigator. The SF-36 and RDQ assessments were recorded on visits 1 and 5 (or when the patient achieved the transition criteria for the double-blind period) and 10 (or discontinuation) and confirmed by the investigator.
No primary efficacy endpoint was scheduled for the longterm study. Secondary efficacy endpoints included changes in BPI pain severity score from the end of the titration period of the double-blind study and in BPI pain interference score, SF-36 score, and level of physical disability by RDQ score from visit 1 of the double-blind study. In the long-term study, BPI pain severity and BPI pain interference were recorded at each visit; the SF-36 score was recorded at visits 14 and 28 (or discontinuation) and the RDQ score was recorded at visits 8, 14, 20, 26, and 28 (or discontinuation) by the patient on a questionnaire and confirmed by the investigator.
Safety
Safety was assessed in all patients who received ≥1 dose of S-8117. Safety endpoints of both studies included the incidence of AEs and ADRs, the primary endpoint in the long-term study, and changes in vital signs, 12-lead electrocardiogram, and clinical laboratory tests. AEs were coded using the Medical Dictionary for Regulatory Activities version 18.0, and severity was classified using the Common Terminology Criteria for Adverse Events version 4.0. Drug withdrawal syndrome was assessed using a self-reported questionnaire based on the SOWS and an objective evaluation by the investigators using questions from the COWS. Drug dependency was evaluated using the D-2-A and D-2-B questionnaires 13 ( Table S2) . If the investigators detected withdrawal signs and symptoms or suspected drug dependency, such observations were prespecified to be reported to the Data and Safety Monitoring Board, which would make the final assessment.
Statistical analyses
We estimated that a sample size of 63 patients per treatment group would provide an overall power of at least 90% at a twosided significance level of 0.05 using Fisher's exact test to detect a difference in the rate of inadequate analgesic response in the double-blind study. Allowing for a 30% margin of patients who would not qualify for inclusion in the double-blind period of the study after the titration period, we determined that a total of 180 patients were required to undergo drug titration in the double-blind study. Assuming a discontinuation rate of about 20% due to inadequate analgesic response, ~100 patients were estimated to complete the double-blind study. Of these 100 patients, 80% were expected to transition to the long-term study. Therefore, a sample size of 80 was set for the long-term study. 
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The FAS included patients who received ≥1 dose of S-8117 and had BPI pain severity scores assessed at baseline and at least once after initiating treatment. The FAS2 included patients who transitioned into the double-blind study and received ≥1 dose of either S-8117 or placebo and had their BPI assessed at least once in the double-blind period. All statistical analyses were performed using SAS software version 9.2 (SAS Institute Inc., Cary, NC, USA). Missing data were imputed using the last observation carried forward method. The time to inadequate analgesic response in the double-blind study was compared between the treatment groups by the stratified log-rank test, adjusted by the allocation factors. The proportion of inadequate analgesic response and the proportion of discontinuation due to inadequate analgesic response or AEs in the double-blind study were compared between the treatment groups using the Mantel-Haenszel test with stratified factors. The changes from baseline to the end of the double-blind study in BPI pain severity (each of worst, least, average, and current pain), BPI pain interference, and SF-36 and RDQ scores were compared between the treatment groups using an analysis of covariance model, with treatment group as the fixed effect and baseline value and stratified factors as covariates in FAS2. Comparisons among treatment groups were based on the least squares mean for each treatment group. The incidence rates of AEs were compared between the treatment groups using Fisher's exact test. All statistical tests were performed at a two-sided significance level of 0.05.
Ethics approval and informed consent
The clinical studies (JapicCTI-132299 and JapicCTI-132300) were conducted in accordance with the Declaration of Helsinki (1996) and Good Clinical Practice guidelines. Additionally, the local ethics committees (institutional review boards) (Table S3 ) approved the study protocol. Written informed consent was obtained from all participants before study commencement.
Results
Of the total 189 patients registered, 188 underwent drug titration and were included in the FAS. Of these 188 patients, 130 patients (FAS2) were randomized 1:1 to receive either S-8117 (n=62) or placebo (n=68). Out of 83 patients who completed the double-blind study (46/62 in the S-8117 group and 37/68 in the placebo group), 75 patients transitioned into the openlabel long-term study (Figure 2 ). No differences were noted in the baseline characteristics of patients across the treatment groups in the double-blind study and the patients in the longterm study (Table 1) .
Efficacy and safety of S-8117 in the double-blind study Efficacy Kaplan-Meier estimates showed that the patients in the S-8117 group had a significantly longer time to inadequate analgesic response than the patients in the placebo group (P=0.0095) (Figure 3) . On day 36 of treatment in the double-blind study, the proportion of patients who had sufficient pain relief (95% CI) was 78.3% (65.5-86.8) in the S-8117 group and 58.2% (45.4-68.9) in the placebo group. The efficacy of S-8117 was further substantiated by data from the secondary endpoints (Table 2 ). Significant improvements were observed in the rate of inadequate analgesic effect, discontinuation rate due to inadequate analgesic effect or AEs, change in BPI pain severity score (least pain), change in BPI pain interference score (general activity), and change in SF-36 score (role physical).
Safety
During the titration period, 152 (80.9%) of 188 patients (FAS) developed AEs and 145 (77.1%) patients developed ADRs. During the double-blind period, 90 AEs were reported in 45 of 62 (72.6%) patients in the S-8117 group and 77 AEs in 37 of 68 (54.4%) patients in the placebo group (Table 3) ; 50 ADRs were reported in 31 of 62 (50.0%) patients in the S-8117 group and 38 ADRs in 21 of 68 (30.9%) patients in the placebo group. The most frequently reported ADRs in the S-8117 group during the double-blind period were somnolence (12.9%), malaise (6.5%), and constipation, vomiting, and decreased appetite (4.8%).
The incidence of AEs and ADRs was significantly higher in the S-8117 group vs placebo group during the double-blind period; however, this did not lead to increased discontinuation rates in the S-8117 group. Three SAEs were reported in two of 62 (3.2%) patients in the S-8117 group, but none were treatmentrelated. No SAEs were reported in the placebo group. During the dose-titration period, two SAEs were reported in two patients; one was determined to be unrelated and the other, deterioration of pre-existing cataract, was possibly related to S-8117.
No notable differences in total COWS and SOWS scores were observed between the groups. The change from baseline to final evaluation in the total COWS scores (mean ± SD) was −0.1±1.0 and −0.4±1.4 in the S-8117 and placebo groups, respectively, and the change from baseline to final evaluation in the total SOWS scores (mean ± SD) was −0.5±3.6 and −1.2±3.2 in the S-8117 and placebo groups, respectively. No clinically meaningful withdrawal symptoms were observed in any patient as per the results of the assessments using the COWS and SOWS scores. The change from baseline to final evaluation in the total COWS and SOWS scores (mean ± SD) 
Safety and efficacy of S-8117 in the longterm study
Patients in the long-term study received an average daily dose of 24.86 mg in S-8117, whereas the average daily dose Notes: FAS comprised patients who received ≥1 dose of S-8117 and had the BPI pain severity score assessed at baseline and on ≥1 visit after the start of treatment; FAS2 comprised patients who transitioned into the double-blind period, received ≥1 dose of S-8117 or placebo, and had the BPI pain severity data assessed at ≥1 visit after the start of the double-blind period. 
Primary registered cases (N=189)
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Kawamata et al the double-blind study. Although the least pain score showed a reduction on day 15 (visit 3) and later evaluation points, a slight increase was noted at the final evaluation. The scores of BPI pain interference, SF-36, and RDQ indicated overall improvement (data not shown). 
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Controlled-release oxycodone for chronic low back pain with S-8117 was tolerable and not associated with drug dependency. The primary endpoint of the double-blind study was met; time to inadequate analgesic response was significantly longer in the S-8117 group than in the placebo group during the double-blind period. Furthermore, the results of the secondary endpoints were in line with those of the primary endpoint. Although not directly comparable with this study, a previously published randomized, double-blind, short-term study (5 weeks) demonstrated the efficacy of a long-acting formulation of oxycodone vs placebo for the management of moderate-to-severe osteoarthritic pain. 14 Additionally, our results are consistent with a recent meta-analysis which concluded that short-term (≤3 months) management with opioids is more efficacious than placebo for pain relief and improvement in function in patients with CLBP. 6 In the long-term study, no new ADRs were reported other than those already known in CLBP patients who are treated with opioids. 6 The most frequently reported ADRs during the long-term study were somnolence, constipation, and nausea, and these were mostly common during the double-blind study. Our results were consistent with a previous open-label long-term safety study of an extended-release formulation of oxycodone which showed that oxycodone was well tolerated in patients with CLBP over 12 months. 15 All 75 patients in the long-term study were assessed for drug dependence. S-8117 did not induce any psychological dependence in our study, which may be attributable to the appropriate patient selection and periodic monitoring. However, given the limited number of patients and the inherent potential for drug dependency, we advise careful patient selection, periodic monitoring, and risk assessment for drug dependence in patients treated with opioids to limit the risk for abuse and overdose. 16, 17 Unlike Western countries, Japan has a low incidence of drug abuse, including that of opioids, and thus, no standard assessment procedures are established yet. In the current study, withdrawal syndrome was assessed by using questions from the SOWS and COWS. Although both questionnaires require practitioners to use the total scores to determine the severity of withdrawal symptoms, we used the change in score of each question, which enabled us to perform more detailed assessments. For the drug dependence assessment, investigators used the D-2-A and D-2-B questionnaires developed in Japan. Although not validated yet, we adopted these questionnaires because they have been used in a previous clinical trial of a drug with dependence-producing properties in Japan. 18 No clinically meaningful case of withdrawal syndrome or drug dependence was detected with the assessment procedures applied in the present study. However, standard assessment procedures will be required in Japan for continuous monitoring of such incidents in the clinical setting.
Limitations of these studies
One of the known limitations of an EERW study design is that the results are only applicable to patients who show positive responses in the enrichment phase and proceed to the double-blind randomized study. In the current double-blind study, patients in the dose-titration period were required to fulfill the prespecified criteria regarding consistent response and tolerability to S-8117 in order to transition to the doubleblind period. Besides, the long-term study population did not include patients who discontinued the double-blind study due to inadequate analgesic responses or AEs. Also, the population characteristics of the participants and Japanese CLBP patients with respect to their needs for opioid management may not be entirely comparable. For example, the study population could have skewed age distribution toward older ages. Therefore, the safety profile derived from the current study may not be applicable to the long-term clinical use of S-8117.
Conclusion
The double-blind study demonstrated the short-term efficacy, and the long-term study suggested the safety of S-8117 for moderate-to-severe CLBP in Japanese patients with an inadequate analgesic response to nonopioid and opioid analgesic drugs. However, due to the limited information, the safety profile for chronic use of S-8117 in a clinical setting remains inconclusive. Based on the results of these studies, controlled-release oral 
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Supplementary materials
Have you had nausea, vomiting, tremors of limb, or perspiration after you were off this drug? 4 Do you really want to take this drug again? 5
Have you had convulsions after you were off this drug? 6
Have you had clouded mind or heard or seen anything unusual after you were off this drug?
